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© A method of monitoring the temperature of a sterile docking cutting means. 

© 

There is disclosed a method of monitoring the tempera- 
ture of a cutting means in a sterile docking apparatus for 
splicing two sterile thermoplastic tubes together by using a 
resistor-heated cutting means, the method comprises (1) 
supplying a constant current to the resistor; (2) measuring 
the initial voltage of the resistor; (3) calculating, according to 
predetermined empirical relationship(s), the voltege, time or 
both required to achieve a desired cutting means tempera- 
ture if the initial voltage is within a suitable range, (4) 
measuring repeatedly the voltage of the resistor and the time 
to determine whether (a) the voltage reaches the calculated 
voltage within a specified time frame or (b) the calculated 
time has been reached within a specified voltage range and 

< % (5) splicing the tubes with the cutting means if the time frame 
or voltage range is met. The method is also epplicable to 
other resistor-heated elements in other devices having a 
|2 constant head load environment. 
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TITLE 

A Method of Monitoring the Temperature 
of a Sterile Docking Cutting Means 
BACKGROUND OF THE INVENTION 
5 This invention relates to a process for 

monitoring the temperature of a resistance heating 
element and, more specifically, relates to a method 
of monitoring the temperature of a cutting means in 
an apparatus for forming a sterile connection 
10 (sterile docking) between two tubes. 

European patent application No. 81303157.2, 
Publication No. 44,204, discloses an apparatus for 
forming a sterile connection comprising a cutting 
means, means adapted to heat said cutting means, a 
15 pair of mounting blocks adapted to receive and hold 
two tubes to be joined, means to provide movement 
between said blocks and said cutting means to a 
position such that the cutting means is between said 
blocks and traversing where the blocks are adapted to 
20 receive tubes, means adapted to realign said blocks 
to a position where two different tube ends are 
aligned with and facing each other, and means to 
separate said blocks and said cutting means while 
urging said blocks together. The application 
25 discloses that the process of joining two 

thermoplastic tubes together transversely of the axis 
of each tube comprises forming a continuous molten 
seal between a heated cutting surface and a 
transverse section of each said tube thereby 
30 maintaining a seal between the interior and exterior 
of said tubes, joining the respective molten ends of 
said tubes together to form a joint between said 
tubes while maintaining said seal. 

During the use of the sterile docking appara- 
02 48 35 tus according to the aforesaid European patent 
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application, it has been found that, when the cutting 
means is a laminated heating element heated by a resistor, 
various phenomena occasionally occur which result in 
unsatis factory perf ormance . These phenomena include (1) 
5 when the cutting means is mounted in the sterile 

docking device, electrical contact resistance may be 
too high or erratic; (2) the composite cutting means 
may possess insulating bubbles or may delaminate? 
(3) convection heat losses may be too great; (4) when 
10 a battery is used to supply current to the resistor, 
the battery current may drop excessively; (5) the 
current source may malfunction, (6) cutting means may 
possess shorts or open circuits; (7) or the cutting 
means may have an initial resistance which is signify 
15 icantly higher or lower than that desired. The 

foregoing problems may cause the cutting means to 
fail to heat to the desired temperature within an 
expected time, may cause the resistor to become too 

not wimm an <-cu ujm«= j^*«.-i.w^~** 3 — 

20 change in the correlation between resistor temperature 
and the temperature of the outside surface of the 
cutting means, or may cause the cutting means itself 
to become too hot within an expected time. Improper 
cutting means temperature can result in a poor 
25 mechanical joint and/or a nonsterile joint. A 

method which minimizes occurrences of either result 
is quite desirable. 

Methods of controlling the temperature of a 
heating element and methods for shutting down a 
30 heating element are known. These methods generally 

involve a fixed heating element arid an initial set-up 
of the circuit elements to accommodate the specific 
heating element used, whereas in the aforesaid 
sterile docking apparatus the heating element 
35 (cutting means) is used only once and then 
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replaced. U.S. Patent 3,679,871 issued to Evalds on 
July 25, 1972 discloses an alternate-current heater 
using resistance sensing of the heater element to 
control power to the heater to maintain a 
5 predetermined temperature. U.S. Patent 3,789,190 

issued to Orosy et al. on Janyary 29, 1974 discloses 
a control system that uses variable resistance of the 
heating element to control temperature by alternately 
applying heating power and sampling resistance 

10 several times per second to maintain a predetermined 
temperature. Other patents disclosing similar 
systems include U.S. patents 3,869,957 and 3,924,102. 

U.S. Patent 4,081,660, issued to Uffer et 
al. on March 28, 1978, discloses an electric heater 

15 shutdown circuit connectable between an electric 

current source and a heating element in an electric 
heater and comprising electronic means for shutting 
off electric current to the heating element when the 
heating element reaches a predetermined temperature, 

20 an electronic means for maintaining the flow of 

electric current to the heating element shut off after 
the heating element cools to a temperature below said 
predetermined temperature, said electronic means for 
maintaining said electric current shutoff being 

25 disabled only upon disconnection of said shutdown 

circuit from the current source for a predetermined 
period of time. 

U.S. Reissue Patent 30,190, reissued on 
January 15, 1980 to Shaw, discloses a surgical 

30 cutting instrument which includes an electrically 

heated cutting edge and an automatic control system 
for maintaining the cutting edge at a constant high 
temperature for sterilizing the blade, cutting 
tissue, and cauterizing the incised tissue. The 

35 blade comprises an electrically heatable element 
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having a plurality of sections which form portions 
disposed in the region along the tissue-cutting edge 
and connection means for providing electrical 
connections to each of said sections for 
independently supplying electrical power thereto for 
maintaining the resistance of, each of said sections 
at a substantially constant selected value. 

U.S. Patent 4 f 219,025 issued on August 26, 
1980 to Johnson discloses a surgical cutting 
instrument similar to that disclosed in Reissue 
Patent 30,190. The patent discloses that the 
instantaneous temperature of the cutting edge is 
monitored by measuring the resistance of the heating 
element or elements and the monitoring signal thus 
derived provides an inferred value for temperature 
which may be used to control the power supply to 
portions or segments of the heating element. 

U.S. Patent 4 r 243 f 875 issued to Chang on 
January 5, 1981 discloses a temperature control 
system for a resistance element which is heated by a 
power supply connected to it by a switching member , 
the switching member being controlled by an 
electronic circuit which is operative to produce 
alternate on cycles and off cycles whose durations 
are controlled by separate time constants. The 
durations of the alternate cycles respectively set 
the higher and lower temperature limits within which 
the heating element temperature remains. 

SUMMARY OF THE INVENTION 
The present invention provides, for a 
constant heat load environment, a method of moni- 
toring the temperature of a heating element which is 
heated by a resistor of known positive or negative 
temperature coefficient of resistance and of known 
approximate resistance but whose individual 
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resistance has not been established; said method 
comprising 

(1) supplying a constant current 
to the resistor; 
5 (2) measuring the initial voltage 

across the resistor; 

(3) calculating, according to 
predetermined empirical 
relationship (s) , the voltage, 

10 time or both required to achieve 

a desired heating element 
temperature provided that the 
initial voltage is from a 
minimum value V^, to a 

15 jnaximum value, V 2 ; and 

(4) measuring repeatedly the voltage 
and time to determine whether 
(a) the voltage of the resistor 
has reached the calculated 

20 voltage at or after a desired 

time, T 1# and before a desired time, 
T 2 , or (b) the calculated time 
has been reached after a measured 
voltage of V 3 and before a 
25 measured voltage of . 

Preferably, the method is used to monitor the 
temperature of the cutting means in an apparatus 
for sterile connection wherein two closed end 
thermoplastic tubes are sterilely spliced with a 
30 hot cutting means. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a graph depicting a typical 
voltage-time relationship for a resistor-heated 
cutting means in a sterile docking apparatus. 

35 
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Fig. 2 is a plot of voltage at 274 °C 
versus initial voltage. 

Fig. 3 is a plot of time to reach 274 °C 
versus initial voltage. 
5 DETAILED DESCRIPTION OF THE INVENTION 

The method of the invention is used with the 
sterile docking apparatus described in European patent 
application No. 81303157.2 and forms part of 
the process described in said application. Preferably, 

10 the method of the invention is used with the sterile 
docking apparatus and system specifically described 
and claimed in copending U.S. patent application 
Serial No. 408 ,418? filed simultaneously herewith 
(Attorney's Docket No. DE 0246) . Pertinent passages 

15 of both of these applications are incorporated herein 
by reference. The method of the invention is 
generally applicable to resistance heaters which are 
operated in a constant head load environment whether 
or not they are used as a cutting means in said 

20 sterile docking apparatus. In regard to the cutting 
means described, in the aforesaid European patent 
application, the method of the invention is 
only applicable to resistance heated cutting means. 
As used herein , the terms "cutting means" and 

25 "heating element" are meant to be interchangeable, 
although a heating element may have other uses than 
as a cutting means. For the sterile docking 
apparatus of the aforesaid simultaneously filed 
application, it is desirable that the cutting means 

30 reaches the required operating temperature of from 
about 232°C (450°F) to 343°C (650°F) within about 
5-9 seconds. 

Preferably, the cutting means used in the 
method of the invention is that disclosed in 

35 copending U.S. application Serial No. 408,417 
and European Patent Application No. 833C'Wr^9.-"i 

* and European Patent Application No. 833CM+b°kVI 
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(Attorney's Docket No. DE 0241), filed simultaneously 
herewith. This heating element consists essentially 
of , as an outer layer, a folded sheet of metal having 
a thermal conductivity of at least about 173 watts /m 
5 °K at a thickness of 0-10 mm (4 mil) and a tensile 
yield strength of at least about 34 x 10 4 kPa 
(5000 psi) at 0.10 mm thickness; a resistor dis- 
posed inside the fold of said folded sheet of 
metal; and a layer of dielectric adhesive, stable 

10 to about 260 °C, between inner surfaces of the 

folded sheet of metal and surfaces of the resistor, 
thereby bonding the resulting structure together. 
Relevant passages of this patent application directed 
to a heating element are incorporated herein by* 

15 reference. For the method of the invention the 

resistor has either a positive or a negative tempera- 
ture coefficient of resistance but preferably has a 
positive one because materials having such are more 
readily available. In the present method, the 

20 temperature coefficient of resistance of the material 
used to make the resistors of the heating elements 
has to be constant within about 2%. Hence, when a 
series of heating elements are to be used in the 
same apparatus, the composition, including the level 

25 of impurities, of the material used to make the 
elements must be fairly well controlled. The 
magnitude of the temperature coefficient of resistors 
suitable for the present invention is at least 0.1 x 
10 3 /°K. Most preferably, the folded sheet of metal 

30 is made of copper; the resistor is an etched foil 

resistor made of stainless steel; the adhesive is an 
acrylic adhesive; and the heating element has a 
thickness of from about 0.25 mm (10 mil) to about 
0.36 mm (14 mil) . 
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Since the cutting means is replaced after 
each splice by a new one, establishment of a cali- 
bration curve precisely characteristic of each 
heating element is not feasible. Laminated 
resistance heating elements are produced by a 
photo-etching process which results in modest 
variations in the width, and hence the cross- sectional 
area of the elements, thereby creating a corresponding 
variation in resistance. This variation in the 
initial resistance of the resistor of the cutting 
means significantly affects the time required for 
the resistor to heat to a desired temperature under 
a constant applied current. Resistors having high 
initial resistance heat faster than those of low 
initial resistance. Also, the resistance change of 
the higher initial resistance ele m ents when heated 
to a desired temperature is greater than the 
resistance change of the lower initial resistance 
elements v?hen heated to the same temperature . These 
phenomena agree with established theory. However, 
to calculate the exact magnitude of the variables as 
they are influenced by variable heat flux phenomena 
becomes very complex and time consuming . 

It has been discovered that for a constant 
heat load environment the resistance of a resistor 
at a predetermined temperature and the time required 
to reach that temperature can be predicted reliably 
by use of two empirical relationships. Normally, 
predicting the resistance change and monitoring it 
is sufficient to determine when the heating element 
surface has reached the desired temperature. However, 
if abnormal phenomena mentioned previously occur, the 
ability to predict the heating element surface temper- 
ature as a function of resistance is impaired. In 
accordance with the present invention this impairment 
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can be circumvented by monitoring the time for the 
resistor to heat the heating element to the desired 
temperature. The exact relationships used depend 
upon the desired temperature, the operating 
environment, the method by which the cutting means 
is fabricated, and the material from which it is 
fabricated, m using the method of the invention, 
these factors are maintained rather constant. The 
relationships also depend on the magnitude of the 
constant current applied. Moreover, to make 
design of the circuitry manageable resistors 
having actual resistances within a range of 
about 10% of a nominal value are selected for 
establishing the empirical relationships. Using, i„ 
sequence, a series of heating elements of the same 
composition, a constant current is applied and the 
initial voltage, the voltage when' the desired 
temperature is reached, and the time to reach that 
temperature are recorded. In lieu of measuring the 
time when the desired temperature is reached, the 
voltage for reaching the desired temperature could 
be calculated after the voltage empirical relation- 
ship is established and the time to reach the cal- 
culated voltage could be measured. From these data, 
the "best fit curves" for relating the final 
voltage to the initial voltage and the final time 
to the initial voltage are determined using methods 
well known in the art. These equations are then 
utilized in the method of the invention. 

In the most preferred embodiment of the 
invention, the heating element has an etched stainless 
steel resistor, an outer layer of copper foil and an 
acrylic adhesive. When a heating element of this 
construction and composition is used in the sterile 
docking device described in simultaneously filed 
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copending U.S. application Serial No. 408,418* 
(Attorney's Docket No. DE 0246) the empirical relation- 
ship for calculating the voltage or resistance at 
274 °C (525 °F) is given by 
5 V = 1.16 V i + 0.66 

The empirical relationship for predicting the time 
to reach 525°F is given by 

t = -0.69 V i .+ 16.42 
where V. is the initial voltage, V is the voltage 
10 at 274 °C and t is the time required to reach 274 °C. 
These empirical relationships were established for 
the situation wherein the heating element or cutting 
means is supplied with current by a battery capable . 
of delivering a maximum of 20 volts and a constant 
15 current of 1.35 amps is to be applied due to a 

desire to reach the predetermined temperature within 
a relatively short time. 

In the method of the invention after a 
constant current is supplied to the resistor, the 
20 initial voltage of the resistor is measured. 

Preferably, measurement of the initial voltage is 
performed about 0.5 second after the current is 
applied, thereby providing sufficient time for 
contact conditions to be stabilized. To assure 
25 proper heating of the cutting means within the 
desired time frame the initial voltage should be 
from about 11.1 to about 18.0 volts, preferably, 
from about 14.2 to about 16.5 volts. If the 
initial voltage is not within the herein 
30 prescribed range, then the cutting means should 
not be used but should be rejected and another 
cutting means utilized. The acceptable range of 
initial voltages is determined at the upper end by 
the maximum voltage available from the power supply 
35 and on the lower end by the desire to minimize the 
heat-up time, thereby minimizing, for the sterile 

* and European Patent Application No. 833cM^^ ^> 
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docker, the cycle time to make a splice. Another 
consideration affecting the lower end°Is a 9 desire to 
supply heat somewhat rapidly to overcome" 1 the 9 quenching 
effect of the cool tube polymer during°sp^iciS^ 2 
5 once a cutting means having the requisite" initial 

voltage is obtained, the voltage required" %o ri ac&aevi 
a desired cutting means temperature^s** then 
calculated. In the most preferred 0 e^odo^entVlie 
operating temperature of the cutting* means 1 xs b about 
10 274°C (525°F) . -eoxveb pnirfoob 

The voltage of the resislor^aKS tife^Ue 01 
are then measured repeatedly to determine 1 ftneUfex or 
not (a) the calculated voltage has = beeh 9 reacned n St 
or after a desired time, T 1 , and be^orl^ ^trirll 

15 time, T 2 , or (b) the calculated tinSP^S' &ef£ft reached 
after a measured voltage, V 3 and befoW^ffe ^ afed 21 
voltage, V 4 . Preferably a time wino^w J: , q ^T, 9l a4i<i i; T 2 ) 
is used for reaching the calculated ^ftte%fr? 9ri * 
Preferably T ± and T 2 are 5 and 9 second," i^sfifcUvely , 

20 when the desired temperature is from iSsSlft %2**t* 

(450°F) to about 343°C (650°F) and are 5 ^ ano"f *&coS&s , 
respectively, when the desired temper 7 a%1ire p ^ i ftfem 
about 232 °C (450°F) to about 316°C (^l? , ^ 3 . ,l9i ¥e^he 
cutting means fails to heat up to the : §d&i?£& Yd 

25 temperature, as indicated by a f ailurl >n o : f 1 " t fife £) r , e 5 sistor 
to reach the calculated voltage withffi ^n^ror^goiili 
time span, then the occurrence of one or 9 36 t r'e f Po , r the 
previously mentioned problems is probaSYI^ 1 e^g - ?? 
excessive convection heat losses or errS€f 5^66fi?act 

30 resistance. If it reaches the desired voltclgll^tLoo 
soon, then problems such as delamination and ^ 
insulating bubbles are suggested. eps^Iov s 

It has been found that for ste3?5. : l%*'SWcking 
devices of the same construction and th¥m Werein 

35 of cutting means of the same constructi^nV^eitf 
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transfer from the cutting means to the cutting means 
cj sis. £eb s 2i o. 

holder, mass of the cutting means and the current 

supplied to the circuit are relatively constant 

. Snioixqs 

from one device to another and one cutting means to 
5 another . r 

Figure 1 shows a typical voltage - time 

relationship" for a cutting means operated under various 
j , ir.ar- thocir.n I . _ 

conditions, including splicing the tubes, xn a sterxle 

as. an-ssr: ~ni 

docking device. .The solid curve represents the 
10 ofcy^ig^i C^t^ng^ means voltage trace during a complete 

. 0 ^i^? e ^4?kiV ycle - A 1:35 current is turned 
^iio^^A^r 0 ' The voltage ^ Ldkl y rises to 

S Si lftSS' l^ 1 !- J^ itial resistance of * iiB cutting means, 

betio¥& 8&&-h/!*i- AS the cutting means heatS UP ' ^ 
15 j^jijj^e 9 an4 # therefore, the voltage rise steadily. 

: .~p^4iie ^pic£ed embodiment, as the voltage reaches 

' the C3 Q^^^f d voltage, V, within the calculated 

..r^,-. t^p^^nd^^ which reflects the desired temperature, 

and;^ table heat flux condition, the 

Bfftfec^V-ttfk J 

^.j^np.?i^.^fiiuence. The tube cutting and joining 

. ^.s^ienc^^j^ols the cutting means slightly as seen 

by 44^ in the voltage curve . When the tubing cut 

~ c -» .-and aioia^ngt- sequence is complete, the current to 

25,.th^^felat^ is turned off- If the cut and joining 

seqye§£e. T i*ad not been executed, the cutting means 

w<?ul§ h|Yp continued heating to an equilibrium 

^....cpndi^gn. indicated by the single dot intermittent 

30 ..The continuous dashed curve represents 

a voltage trace which indicates bad electrical 
urxj; : JKSit3tctfepr a high convective heat flux removing heat 

_j. _ .itop x£pi§U.y from the cutting means during heat up. 
Ijvihis- situation the calculated voltage , V, ia not 

35 reached before the maximum time so the control 
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method rejects this splice cycle. The double dash 
intermittent curve represents the voltage trace that 
indicates the occurrence of a delaminated blade 
problem during heat up. As the blade delaminates 
5 the heat is not conducted efficiently from the 
resistor inside the cutting means to the outer 
surface of the cutting means. Therefore, the 
resistor heats up more rapidly than normal as shown 
by the double dash intermittent curve and the cal- 

10 culated voltage, V, is reached before the minimum time 
so that the control method rejects this splice cycle. 

In a sterile docking device utilizing the 
method of the invention, monitoring and calculating 
are accomplished by a digital microcomputer in 

15 which analog voltage is converted to a digital 

signal about once per millisecond. The conversion 
rate is not important so long as significant changes 
in voltage do not occur between samples. A rate of 
about once per 50 milliseconds is suitable with the 

20 preferred cutting means. The method of the invention 
should also be suitable for use in an analog control 
system. 

In another embodiment, the method of the 
invention includes the additional step of continuing 

25 to monitor the voltage of the resistor during the 

sterile docking cycle. Before docking, the operator 
generally drains the tubing so that no liquid remains 
in the area to be spliced. If liquid remains in the 
tube, it cools the cutting means and may prevent a 

30 good sterile dock from occurring. Cooling of the 

cutting means can be detected by monitoring the voltage 
of the resistor since the resistance of the cutting 
means changes with temperature. It has been deter- 
mined that during sterile docking the voltage of the 

35 resistor normally drops about 0.3 to 0.5 volts. If 
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a voltage drop greater than about 0.6 volts f- v max in 
Pig. 1) is observed during docking, the operator 
should assume that an unsatisfactory splice was made 
and should obtain proper medical attention before 
5 attempting further splices. 

. Although the method x>f the invention has 
been described according to the most preferred 
embodiment, it will be readily apparent to those 
skilled in the art that with appropriate changes the 
10 method is applicable to other resistive heating 
elements, other desired heating times, and other 
devices provided that sufficient knowledge about the 
heating cycle is available. One would establish 
the range of initial voltages , V^-Vj / which would 
15 permit obtainment of the desired temperature within 
the desired time frame. One would then establish - 
the empirical relationships which describe the heat- 
flux and resistance change of representative samples 
of the resistor. Substitution of these determined 
20 parameters for the comparable ones given herein 
for the most preferred embodiment would permit 
temperature monitoring pursuant to the present 
invention. The method of the invention is particu- 
larly applicable to heating elements which are 
25 relatively thin, about 0.13 to about 0.76 mm (5 to 
30 mil) in thickness since it is advantageous that 
there be a rapid heat response between the resistor 
and the working surface of the cutting means . 
ESTABLISHMENT OF THE EMPIRICAL RELATIONSHIPS 
30 For determination of the voltage relation- 

ship 41 blades are used in a cutting means holder and 
contact assembly outside the sterile docking device. 
A clamp is used to hold the contacts and blade 
firmly together, thereby minimizing contact resistance. 
35 The cutting means holder is cooled between each run 
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and then allowed to wait a few minutes to achieve 
temperature equilibrium. For determination of the 
time relationship 20 blades are used in a sterile 
docking device pursuant to that described and claimed 

5 in copending U.S. patent application Serial No. 40 8,418* 
(Attorney's Docket No- DE 0246} , filed concurrently 
herewith. The blades for both determinations are 
heating elements (cutting means) pursuant to those 
described and claimed in copending U.S. patent appli- 

10 cation Serial No. 408, 417**( Attorney 1 s Docket No. 
DE 0241) , filed concurrently herewith. 

A thermocouple is used to record the cutting 
means temperature. The voltage of the resistor and 
temperature of the cutting means are measured and 

15 recorded on a strip chart recorder from which the 
initial voltage, V ± , the voltage at 274°C (525°F) 
and time could be obtained. The initial voltage is 
measured 0.5 second after a constant current of 1.35 
amps was applied. The resulting data are presented in 

20 Fi 9* 2 wherein the voltage at 274 °C is plotted 

versus the initial voltage. Measurements for five 
blades are not used due to abnormal phenomena. 
Using a least squares analysis the "best straight" 
line through the data is obtained. The empirical 

25 relationship eventually obtained thereby with some 
adjustment of the intercept constant is 

V = 1.16 V ± + 0.66. 
A plot of time required for the cutting means to 
reach 274 °C versus the initial voltage is presented 

30 in Fig. 3. From this plot is derived by least 
squares analysis the empirical relationship 
t = -0.69 V ± + 16.42. 

* and European Patent Application No. B33oMrV8-^> 
35 ** and European Patent Application No. 8330MJW I 
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CLAIMS 

1. in a constant heat load environment, 
a method of monitoring the temperature of a heating 
element which is heated by a resistor of known 
positive or negative temperature coefficient of 
resistance and of known approximate resistance but 
whose individual resistance has not been 
established; said method comprising 

(1) supplying a constant current to the 
resistor; 

(2) measuring the initial voltage across- 
the resistor; 

(3) calculating, according to pre- 
determined empirical relationship (s) , 
the voltage, time or both required 
to achieve a desired heating 
element temperature provided that the 
initial voltage is from a minimum 
value, V lf to a maximum value, V 2 ; 
and 

(4) measuring repeatedly the voltage and 
time to determine whether (a) the 
voltage of the resistor has reached 
the calculated voltage at or after 

a desired time, T 1 f and before a 
desired time, T 2 , or (b) the 
calculated time has been reached after 
a measured voltage of and before 
a measured voltage of V 4 - 
2. A method according to Claim 1 wherein 
for step (3) the voltage and time are calculated 
and for step (4) the voltage and time are repeatedly 
measured to determine whether the voltage of the 
resistor has reached the calculated voltage at or 
after a desired time, and before a desired time, 

v 



17 0101315 

1 or 

3. A method according to Claim/2 wherein 
in step (3) the voltage and time are calculated 
according to the relationships 
V = (C^ + c 2 ) + c 3 
t = (K^V,. + K 2 ) + K 3 
wherein V is the voltage across the resistor when 
the heating element is at the desired 
temperature ; 
V^^ is the initial voltage; 
C 1 is the slope of best straight line 

relating to V i values to V; 
C 2 is an extrapolated value of the voltage 

when is zero; 
C 3 is the tolerance in the voltage ; 
t is the time required for the heating 

element to reach the desired temperature; 
K x is the slope of the best straight line 

relating values to t values; 
K 2 is the extrapolated value for time when 
is zero; and 
is the tolerance in time; 

C l' C 2' ^3' K l' K 2 an< * K 3 ^eing determined with 

a sampling of similar resistors* „ 0 

It 2, or 

4. A method according to Claim/ 3 wherein 
the heating element consists essentially of , as an 
outer layer, a folded sheet of metal having a thermal 
conductivity of at least about 173 watts m 9 K at a 
thickness of 0.10 mm and a tensile yield strength of 
at least about 34 x 10 4 kPa at a 0,10 mm thickness; 
a resistor disposed inside the fold of said folded 
sheet of metal; a layer of dielectric adhesive, stable 
to about 260°C, between inner surfaces of said folded 
sheet of metal and surfaces of said resistor, thereby 
bonding the resulting structure together. 
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5. A method according to Claim 4 wherein 
the folded sheet of metal is made of copper; the 
resistor is an etched foil resistor made of stainless 
steel; the adhesive is an acrylic adhesive; and the 

5 heating element has a thickness of from about 
0.25 mm to about 0.36 mm. 

6. A method of monitoring the temperature 
of a cutting means in an apparatus for sterile 
connection wherein two thermoplastic tubes are 

10 sterilely spliced with a hot cutting means and said 
cutting means is a heating element which is heated 
by a resistor of known positive or negative temperature 
coefficient of resistance and of known approximate 
resistance but whose individual resistance has not 

15 been established; said apparatus having a constant 
heat load environment; said method comprising 

(1) supplying a constant current to the 
resistor; 

(2) measuring the initial voltage across 
20 the resistor; 

(3) calculating, according to predetermined 
empirical relationship (s) , the voltage, 
time or both required to achieve a 
desired heating element temperature 

25 provided that the initial voltage 

is from a minimum value r , to a 
maximum value , V 2 ; and 

(4) measuring repeatedly the voltage 
and time to determine whether 

30 (a) the voltage of the resistor 

has reached the calculated voltage 
at or after a desired time, T^, and 
before a desired time, T 2 , or (b) 
the calculated time has been reached 

35 after a measured voltage of and 

before a measured voltage of V 4 . 
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7 . A method according to Claim 6 wherein 
for step (3) the voltage and time are calculated 
and for step (4) the voltage and time are repeatedly 
measured to determine whether the voltage of the 
5 resistor has reached the calculated voltage at or 
after a desired time, T^, and before a desired time, 

T 2* 6 or 

8. a method according to Claim/7 wherein 

in step (3) the voltage and time are calculated 

10 according to the relationships 

V = (CjVj, + c 2 ) + c 3 

t - (K^ + K 2 ) + K 3 

wherein V is the voltage across the resistor when 

the heating element is at the desired 

15 temperature; 

is the initial voltage; 

C 1 is the slope of best straight line 

relating V i values to V; 

0*2 i s an extrapolated value of the voltage 

20 when is zero; 

C^ is the tolerance in the voltage; 

t is the time required for the heating 

element to reach the desired temperature; 

K 1 is the slope of the best straight line 

25 relating values to t values; 

is the extrapolated value for time when 

is zero; and 

is the tolerance in time; 

C l' C 2' C 3' K l' K 2 anc * K 3 bein 9 determined with 
30 a sampling of similar resistors. 
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9. A method of monitoring the temperature 
of a cutting means in an apparatus for sterile 
connection wherein two thermoplastic tubes are 
sterilely spliced with a hot cutting means and said 
cutting means is a heating element consisting 
essentially of, as an outer layer, a folded sheet of 
metal having a thermal conductivity of at least about 
173 watts/m °K at a thickness of 0.10 mm and a 
tensile yield strength of at least about 34 x 10 
kPa at a 0.10 mm thickness; a resistor disposed 
inside the fold of said folded sheet of metal; and 
a layer of dielectric adhesive, stable to about 260°C, 
between inner surfaces of said folded sheet of metal 
and surfaces of said resistor, thereby bonding the 
resulting structure together; said resistor having 
a known approximate resistance and known positive 
or negative temperature coefficient of resistance 
but the actual resistance of said resistor being 
unknown; said method comprising 

(1) supplying a constant current to the 
resistor; 

(2) measuring the initial voltage across 
the resistor; 

(3) calculating, according to 
predetermined empirical 
relationships, the voltage 
and time required to achieve 
a desired heating element 
temperature provided that 
the initial voltage is from 
a minimum value V 1 to about 
a maximum value V 2 ; and 

(4) measuring repeatedly the 

voltage and time to determine 
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whether (a) the voltage of the 
resistor has reached the calculated 
voltage at or after a desired time, 

and before a desired time, T 2 , 
or (b) the calculated time has been 
reached after a. measured voltage of 
V 3 and before a measured voltage of 

v 

10. A. method according to Claim 9 wherein 
in step (3) the voltage and time are calculated 
according to the relationships 
V = (C^ + c 2 ) + c 3 

t = (K^V^ + K 2 ) + K 3 
wherein V is the voltage across the resistor when 
15 the heating element is at the desired 

temperature ; 
V\ is the initial voltage ; 
C 1 is the slope of best straight line 

relating values to V; 
C 2 is an extrapolated value of the voltage 

when V^ i§ zero; 
C 3 is the tolerance in the voltage; 
t is the time required for the heating 

element to reach the desired temperature; 
K.^ is the slope of the best straight line 

relating values to t values; 
K 2 is the extrapolated value for time when 

V i is zero; and 
K 3 is the tolerance in time; 
30 C^, C 2 , C 3 , K lf K 2 and K 3 being determined with 

a sampling of similar resistors. ^ Qr 

11. A method according to Claim /lo wherein 
. the resistor has a positive coefficient of resistance. 

35 
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^ 9, 10 or 

12. A method according to Claim/ll wherein 

the folded sheet of metal is made of copper; the 

resistor is an etched foil resistor made of stainless 

steel; the adhesive is an acrylic adhesive; and the 

5 heating element has a thickness of from about 0.25 

mm to about 0.36 mm. - _ 

any one of • to 12 

13. A method according to /Claims 9/ wherein 
in step (3) the voltage is calculated according to 
the relationship 

10 V = + c 2 ) ± c 3 

wherein V is the voltage across the resistor when 
the heating element is at the desired temperature; 
V i is the initial voltage; is the slope of the best 
straight line relating V i values to V; C 2 is an 

15 extrapolated value of the voltage when V i is zero; 

is the tolerance in the voltage; the folded sheet 
of metal is made of copper; the resistor is an 
etched foil resistor made of stainless steel; the 
adhesive is an acrylic adhesive; the heating element 

20 has a thickness of from about 0.25 mm to about 0.36 mm; 

T, is about 5 seconds and T 0 is about 9 seconds. 
1 * any one of * to 

14 . A method according to/ ClaimsA3 wherein 

T, is about 5 seconds and T n is about T seconds. 
1 2 any one of 9 to 

15. A method according to/Clains/14 wherein 

25 V, is about 11.1 volts and V~ is about 18 JO. volts. 
1 2 any one of y to 

16. A method according to/ClaimsA5 wherein 

the initial voltage of the resistor is measured 

about 0.5 second after the current is supplied. 

any one of ,9 to 

17. A method according to/Claurs/16 wherexn 

30 V, is about 14.2 volts and V~ is about 16.5 volts. 
1 ^ any one of ,9_to 

18. A method according to/Claine/I ' wherein 

the voltage is measured in step (4) about once per 
millisecond. any of 

19. A method according to/claims6 

35 to 18 wherein the voltage is measured repeatedly 
during splicing. 
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